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Abstract
Vertebral osteonecrosis (ON) is a rare, underdiagnosed disease, also called pseudarthro-
sis due to ischemia following a compression fracture (CF). The main features include the 
air-occupied intravertebral cleft visualized as a radiolucent shade of linear or semilunar 
X-ray, namely an intravertebral vacuum cleft (IVC) sign. Usually, this phenomenon shows 
low signal intensity with all magnetic resonance imaging (MRI) sequences. Another fea-
ture of ON of the vertebral body is the intravertebral fluid analogous to edema and fibro-
sis in histological sections. This appears as low signal intensity on T1-weighted MRI, 
with high signal intensity on T2-weighted images. The risk factors for vertebral ON are 
multivariate, and the pathophysiological mechanisms are still unknown with certainty.
Keywords: osteonecrosis, avascular necrosis, pseudarthrosis, Kümmel’s disease, 
ischemia
1. Introduction
Necrosis of bone tissue is a nonspecific term that is related to conditions that cause major 
cell stress and cell death regularly due to interruption of the vascular supply. Frequently 
osteonecrosis (ON) is related to local traumatic events such as fractures that induce vascular 
injury; however, several non-traumatic causes have also been related. The first publications of 
ON were referred to avascular necrosis (AVN) of the femoral head and related in most cases 
to trauma. Later, other etiological factors were involved in the development of ON such as 
alcohol consumption, fat embolism, and steroid therapy. Likewise, coagulopathies, chronic 
osteoarthropathies, bone infections, and tumors are also causal factors associated with it.
AVN, aseptic necrosis, ischemic necrosis, subchondral AVN, and osteochondritis dissecans are 
synonyms used to denote ON. Vertebral AVN has been classically related to the intravertebral 
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vacuum cleft (IVC) sign. This is represented by a transversal cleft of the vertebral body occu-
pied by gas density observed in extension and not observed in flexion. Subsequently, with 
the advent of magnetic resonance imaging (MRI), the presence of fluid was demonstrated 
in association with osteoporotic vertebral collapse. In addition, ischemia was confirmed by 
histological analysis.
AVN of bone is otherwise characterized by massive necrosis of bone and bone marrow. This 
has been generally related to systemic factors such as alcohol abuse, glucocorticoid therapy, 
dyslipidemia, Gaucher disease or human immunodeficiency virus (HIV) infection, among 
others. AVN of the spine is known as Kümmel's disease (KD), usually related to osteoporotic 
vertebral fractures. Although the AVN associated with vertebral collapse hypothetically is a 
consequence of vascular damage, the pathogenesis, as well as the early diagnosis, the man-
agement protocols and prevention measures continue to be the research topics.
2. Historical background
AVN frequently associated with vertebral compression fractures (CF) in osteoporosis is called 
KD, first described by Herman Kümmell, a German surgeon in 1895. Also at that time, A.A. 
Verneuil, French, referred to some clinical cases with similar manifestations, so that occasion-
ally this syndrome was named “Kümmell-Verneuil disease.” The cases described by Kümmel 
had a history of minor spinal trauma, with asymptomatic periods from months to years and 
angular kyphotic spinal deformities of the lower thoracic or upper lumbar regions and the 
T12 segment with progressive painful [1, 2]. Kümmell hypothesized that there was no trau-
matic CF in all the patients; however, it seemed very likely that most of them had a history 
of minimal trauma with influence on local nutrition and progressive atrophy [3]. It should be 
mentioned that these observations described by Kümmell were performed before the advent 
of X-rays, and once these were used, the existence of the disease was questioned in “normal” 
radiographic studies with uncertain quality. Years later, the collapse of the delayed vertebral 
body was demonstrated; however, diagnostic criteria in the early stages of the disease were 
associated with negative radiographic findings [2, 4, 5].
Steel also classified the KD in five progressive stages [2]. Initially, it is characterized by 
hyperflexion of the radiographically normal vertebral column, namely, the initial insult. 
Subsequently, a second post-traumatic stage is categorized by minimal manifestations of the 
low back without functional limitation. This is followed by a latent stage, relative well-being, 
lasting weeks to months, with no significant symptoms. Then, the stage of recrudescence, the 
patient manifests pain in the back, develops gibbous and loss of progressive stature, in addi-
tion to peripheral pain. In the terminal stage, the patient develops a progressive back pain 
located in the region of the pathological fracture with angular kyphosis and compression of 
the spinal [2]. The cases of AVN without a history of spinal trauma should not be termed KD. 
Table 1 summarizes the clinical cases of KD reported in the literature.
A frequently representative feature of vertebral ON has been named IVC sign. This was first 
described as a horizontal cleft with gas density in radiographic studies [6]. This entity has 
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Age (years) Sex Location Concomitant pathologies Management Reference
23/28/62 Male T10/L1/T8 None ImmobiIized in hyperextension Steel [2]
71 Male T12 Osteopenia
Occasional alcohol abuse
Unknown Brower and Downey [14]
45 Female L1 Type 1 Gaucher disease Conservative Hermann et al. [15]
75 Male T11 Steroids Conservative Van Eenenaam and el-Khoury 
[11]
72 Male L4 Diabetes mellitus type II Subtotal corpectomy/autologous grafting/
posterior fusion with pedicle fixation
Young et al. [7]
79 Male L2 Chronic steroid therapy /myasthenia gravis Conservative Osterhouse and Kettner [16]
71 Female L3 None Posterior stabilization Kapoor et al. [17]
62 Female L2, L3 Osteopenia, diabetes Unknown Maheshwari et al. [18]
55 Male L2 Sarcoidosis Anterior decompression/L-2 corpectomy/
anterior L1–3 spinal fusion/autologous grafting
Ito et al. [19]
60 Male T9-T10 Diabetes mellitus type II, chronic 
obstructive pulmonary disease, obesity, 
hypothyroidism secondary to radiation 
treatment for Graves’ disease, and 
depression
T9 and T10 corpectomies with T8–T11 anterior 
and posterior fusion/cage graft with pedicle 
screw fixation
Swartz and Fee [20]
87 Female L1 None L1 vertebroplasty Van der Schaaf and Fransen 
[21]
75 Female T12 Dementia, Diabetes mellitus type 2, 
hypertension, hypothyroidism
T12 vertebroplasty Ma et al. [5]
31 Male L1 None L1 kyphoplasty Matzaroglou et al. [22]
81 Female L1 Osteoporosis, obesity, idiopathic 
pulmonary thromboembolic, arterial 
hypertension, depression
Conservative (teriparatide) Fabbriciani et al. [23]
60 Male L4 Osteopenia L4 laminectomy, L3-5/transpedicular fixation Ranjan et al. [24]
Table 1. Case reports of Kümmel’s disease since 1951.
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also been called post-traumatic vertebral ON [3, 5, 7], IVC [8, 9], vertebral pseudarthrosis [10], 
delayed post-traumatic vertebral body collapse [11, 12] and nonunion of VCF [10, 13].
3. Clinical manifestations
KD occurs more frequently in the middle and in the elderly slightly predominant in males 
[7]. The incidence of KD in elderly patients ranges from 7 to 37%. One of the characteristic 
symptoms is an acute pain especially in the early stages of the disease usually without accom-
panying neurological symptomatology. In these cases, falls are generally conditioning factors 
of pain. The kyphotic deformity associated with recurrent pain of greater intensity in later 
stages usually corresponds to the collapse of the vertebral bodies and is usually located in 
the thoracolumbar region. Then neurological signs such as weakness of the lower extremities, 
paresthesias, as well as neuropathies that interfere with normal function of the digestive tract 
and bladder can develop.
Steel related the KD to insignificant trauma generally involving the 3rd thoracic vertebra and 
the 2nd or 3rd lumbar vertebra predominantly observed in males. He also described five stages 
namely initial insult, characterized by hyperflexion of the spine and association to the trauma 
of variable type and severity, in addition to normal roentgenograms. The second stage or post-
traumatic period was manifested by mild back pain without functional limitation. The third 
stage, latent interval or state of relative well-being, was characterized by progressive disability in 
the following week or months of the traumatic event, not incapacitated. In this period, vari-
ability in time from 4 weeks to 1 year has been described [2, 5, 7, 11, 14–18, 20–23]. Fourth stage 
or recrudescent stage, in this the patient presents localized, persistent back pain, tenderness, and 
tendency to peripheral irradiation. In the last stage or terminal stage, the patient develops per-
manent kyphotic deformity with or without progressive pressure on roots or spinal cord [2].
Neurological symptoms are usually absent in the early stages of the disease and when pain 
occurs in the thoracolumbar region this usually corresponds to the collapse of the vertebral 
body. In the advanced stages, the patient develops paresthesias, lower extremity weakness, 
and bowel/bladder disturbance [7]. Besides, the kyphotic deformity associated with osteopo-
rotic vertebral fracture limits the functionality and has repercussions on the quality of life of 
the patient. In addition, it increases the mortality and incidence of fractures in adjacent bone 
structures [25, 26].
4. Risk factors in osteonecrosis
Numerous risk factors for AVN have been described including long-term glucocorticoid treat-
ment, diabetes, alcoholism, osteoporosis, atherosclerosis, pancreatitis, cirrhosis, hypertriglyc-
eridemia, vasculitis, acute trauma, radiotherapy, neoplasias, air or fat embolism, barotraumas 
hemoglobinopathies, such as sickle cell disease and infection.
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4.1. Osteonecrosis and osteoporosis
As we know, osteoporosis is one of the metabolic disorders associated with compression frac-
tures of the vertebrae. This affects the quality of life of patients, who develop progressive spinal 
deformities that deteriorate gait and balance [27], increasing the risk of fracture [8] and mortal-
ity [28]. As mentioned, one of the mechanisms most involved in post-traumatic vertebral col-
lapse is ischemic necrosis frequently associated with IVC in osteoporotic spine fractures [29]. 
According to what has been reported in the literature, the IVC sign is not pathognomonic of KD 
and is common to observe in unstable osteoporotic CF [30]. Two stages in the evolution of the 
KD have been considered, although the pathophysiological mechanisms are not known with 
certainty. First, after the initial trauma, the vertebrae present partial or incomplete healing with 
consequent weakening. In this stage, the consolidation of an osteoporotic vertebral compression 
fracture is characterized by an active remodeling process. This includes resorption of necrotic 
bone and cartilaginous tissue, endochondral bone neoformation, new vessel formation and res-
toration of bone continuity in the fracture line. Likewise, zones of hypertrophic trabecular bone 
or areas with lack of bone repair can be observed; in addition, fragments of bone, cartilage and 
intervertebral disc can be sequestered in areas of dense fibrous and collagen tissue [31].
The second stage of the evolution of KD involved in this reparative failure could be impaired 
vertebral blood flow, herniation of nucleus pulposus into the vertebral body (Schmorl’s nodes), 
and stress conditions in weakened vertebrae [3]. As it is known, the blood supply of each ver-
tebra depends on branches of the corresponding segmental arteries, which nourish the ver-
tebral body, the spinal canal and the posterior third (equatorial, metaphyseal and peripheral 
branches) [32, 33]. It was also reported that the supply of the ventral part of the vertebral body 
derives from the anterior central branches of the segmental arteries, whereas the supply of the 
dorsal part comes from the posterior central branches [34]. This distribution anatomy has been 
the explanation of the frequency of IVC in the anterosuperior and anteroinferior portions of 
the vertebral body. Generally, the involvement of the anterior third of the collapsed vertebral 
body represents the vascular watershed zone related to alterations in the blood supply [7, 35].
Although the pathogenesis of KD remains unknown, in addition to the ischemic process, 
the motion between the fracture ends has been considered a preponderant factor. Since 
Hasegawa's description of the intravertebral cleft with the presence of serous fluid, sur-
rounded by smooth fibrocartilaginous tissue and absence of lining, as well as the motion 
between the ends of the fracture, the development of pseudarthrosis has been consistent [36]. 
This radiographically supported motion in the progressive disappearance of a radiolucent 
gas-like area and the appearance of an area of fluid-like signal intensity on MRI has suggested 
that the IVC results from a migration of intradiscal gas between the ends of the osteoporotic 
spine fractures [6, 37]. Then, this nonunion would correspond to the persistence of the radio-
lucent line of the cleft and the hypointense line on MRI.
It is even reported when confirming the occlusion of the segmental artery on magnetic reso-
nance angiography and identifying the presence of thrombi in microscopic analysis. Then it 
was postulated that an insult in the segmental artery could lead to AVN of the vertebral body 
Vertebral Osteonecrosis
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with the consequent nonunion. It was also suggested an analogy between the deficit of the 
blood flow and the mechanical insufficiency of the subchondral fracture in the AVN of the 
femoral head and the mechanisms of osteoporotic CF [38]. Occlusion of the predominantly 
anterior and peripheral metaphyseal arteries seems to be observed in fragments of the frac-
ture. Necrotic cancellous bone and hyaline cartilage endplate with fracture callus, fibrosis, 
fibrin deposition and hemorrhage as changes in AVN have been described [38, 39]. Some 
observations have been made regarding these approaches. The collapse of the basivertebral 
foramen located between the two pedicles in osteoporotic CF could be involved in the isch-
emic process of the vertebral body. This foramen allows the passage of nerve branches, basi-
vertebral veins and arteries derived from the segmental ones [33, 40–43].
4.2. Glucocorticoid treatment and osteonecrosis
Long-term glucocorticoid therapy is a predisposing factor that induces the deposition of intra-
medullary fat with secondary compression of intramedullary vascularity, development of fatty 
microemboli and microfractures associated with osteopenia [35]. Hypertrophy and hyper-
plasia of fat cells in the bone marrow [44], the consequent increase in intraosseous pressure, 
microcirculatory occlusion by emboli and/or thrombi and decreased blood flow are important 
elements in the pathophysiology of induced steroid-induced ON [45]. Also, these lead to a 
decrease in collagen synthesis and osteoblastic activity [46]. In experimental studies in animal 
models, it has been demonstrated in addition to the effect of lovastatin, lipid-lowering agent, on 
the differentiation of cells from bone marrow into adipocytes, the preventive action or reduc-
tion of steroid-induced ON [47]. Therefore, it was proposed that lovastatin suppresses steroid-
induced adipogenesis, decreases the fat cell transcription factor PPARg2 expression and favors 
osteoblastic differentiation, as well as in vivo expression of Cabf1/Runx2 genes [47, 48]. Then, 
inhibition of hypertrophy and proliferation of bone marrow fat cells and the formation of 
emboli by the inhibitory action of hydroxymethylglutaryl-coenzyme A reductase decreases the 
possibility of microvascular occlusion [49, 50].
Several studies have reported the association of steroid use and decreased bone mineral den-
sity [51–53]. In this regard, long-term methylprednisolone treatment in immature pigs was 
used; it was observed that blood flow was reduced in endplates and cancellous bone in 61% 
of the cases and showed the correlation of ON with radiographic IVC [54]. This suggested that 
the reduction of blood supply could be a pathophysiological factor in glucocorticoid-induced 
ON and that its results did not vary depending on the projection expression (g/cm2) or volu-
metric bone mineral density (g/cm3) [54].
4.3. Vertebral osteonecrosis y pancreatitis
Few cases of vertebral intraosseous fat necrosis have been described [55, 56]. Its frequency is up to 
0.8% and its main manifestations are multiple pathological fractures [56]. Pathophysiologically, 
the destruction of adipose tissue is a consequence of the lipolytic activity of the lipase released 
into the bloodstream [57]. Then, there is obstruction of the bone vascularity by drops of fat 
which leads to local intravascular coagulation and ON. In addition, intramedullary swelling 
and increased intraosseous pressure result from the release of prostaglandin E1 [58].
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4.4. Type 1 Gaucher disease (GD1) and vertebral osteonecrosis
As is well known, Gaucher disease is a lysosomal storage disorder resulting from an autosomal 
recessive mutation in GBA1 gene that encodes acid β-glucosidase. Deficiency of this enzyme 
favors deposition of glucocerebroside in the lysosomes of mononuclear phagocytes from dif-
ferent organs including the skeleton [59, 60]. The main bone affections include osteopenia, 
fractures, and AVN [61, 62]. The clinical presentation may be silent as a spinal cord infarc-
tion due to asymptomatic obstruction of the vascularity of the bone marrow. Bone infarction 
is generally detected on MRI [63]. Although pathophysiological mechanisms have not been 
elucidated, various GBA1 genotypes associated with or without AVN have been reported [64].
Skeletal involvement in most patients with Gaucher disease is well known [59, 60, 65]. The 
main skeletal affections of this condition include AVN, osteopenia, and fractures [61, 62, 65]. 
Various authors refer to an incidence of 8–36.4% of spinal fractures in patients with GD1 [64, 
66–70]. They proposed that anemia and decreased bone mineral density of the lumbar spine 
are strong risk factors for fractures and AVN [64].
It has been estimated that the risk of untreated AVN and GD1 is 22.8 per 1000 person-years 
of follow-up [71]. It has also been proposed that imiglucerase therapy reduces the presenta-
tion of AVN at 13.8 per 1000 years of follow-up [72]. The pathophysiology of AVN in GD1 is 
unknown, however, it is presumed to be associated with secondary spinal infarction likely to 
microvascular occlusion, visualized in MRI [63].
4.5. HIV and vertebral osteonecrosis
HIV infection has been reported as one of the factors associated with vertebral ON. In these 
patients, the use of corticosteroids, abuse of alcohol and tobacco, hypercoagulable states, treat-
ment with antiretroviral drugs, lipodystrophy, and the use of megestrol acetate or testosterone 
have been reported as risk factors [73–83]. It is estimated that the incidence of ON in HIV-
infected patients is 0.03–0.65 cases per 100 person-years [81, 84]. In all cases reported, the par-
ticipation of one or more risk factors and multifocal involvement were considered [85, 86]. 
Likewise, HIV-infected patients without risk factors and ON have also been reported [87].
The prevalence of osteoporotic vertebral fractures in HIV-infected patients has been increas-
ing [88]. Likewise, the association of ON in HIV-positive individuals has been reported [89]. 
In the literature, only two cases of vertebral ON in HIV-infected patients and treatment 
with highly active antiretroviral therapy (HAART) have been reported, which presented 
refractory pain and developed rapid progressive kyphotic deformity [90, 91]. Drugs such as 
tenofovir induce increased bone remodeling and demineralization favoring bone fragility 
and vertebral CF [92]. Also, therapy with protease inhibitors promotes fat infiltration of the 
bone marrowand increase of intraosseous pressure compromising vascular irrigation [93].
4.6. Sarcoidosis and vertebral osteonecrosis
Sarcoidosis is a systemic condition in which the involvement of the musculoskeletal system 
occurs in 5% of patients [94–97]. Although the spinal involvement in sarcoidosis is rare, about 
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30 patients in the literature have been reported. A patient with sarcoidosis discarded the pos-
sibility of osteoporotic vertebral collapse due to the shape and narrowing of the intravertebral 
groove, the involvement of the body and the posterior elements of the vertebra and lack of 
evidence of new bone formation in the collapsed body [19].
5. Radiographic characteristics
Radiographically, non-demonstrable evidence of a fracture in consecutive studies supports 
the diagnosis of KD [14]. However, it is important to perform the differential diagnosis 
between KD and nontraumatic or spontaneous vertebral ON associated with osteoporosis. 
Clinically, it should be emphasized that osteoporotic compression fractures are not associ-
ated with neurological symptomatology. On the other hand, chronic radiographic osteopo-
rotic fractures are not associated with changes in signal intensity on MRI [35]. This contrasts 
with the variability in signal characteristics on MRI in KD [6, 98]. Usually, these appear with 
an increase in the signal on T1-weighted images and reduced signal on T2-weighted images. 
However, in both KD and spontaneous vertebral ON, a hyperintense linear area on MRI 
can be observed. This pattern of signal change has been referred “double line sign” and cor-
responds to the phenomenon of IVC. This describes the accumulation of gas in the vertebral 
body observed in X-ray studies (Figure 1). This sign has also been observed associated with 
malignancy and intraosseous disc herniation, so it should not be considered as pathogno-
monic of ON. 
Another radiological sign associated with ON is the intravertebral fluid of the vertebral body. 
This appears as a well-circumscribed area of low signal intensity on T1-weighted MRI and 
high signal intensity on T2-weighted images [39, 99]. This characteristic is known as a sign of 
fluid. In this regard, it was reported the coexistence of air and fluid in the same vertebral body 
in 21.5% of the cases. It was observed a more severe vertebral collapse in those cases with only 
intravertebral air than in those with fluid with or without air [100].
6. Classification of Kümmel's disease
In an attempt to classify the alterations associated with KD, morphological analyses regard-
ing the type, degree of deformity and severity of vertebral collapse with questionable 
clinical relevance in acute processes was proposed [101]. Later, was proposed a multidi-
mensional scheme for the classification of VCF suggesting that it could have application in 
the selection of surgical treatment and follow-up of patients. This included six  dimensions 
fracture morphometry, chronicity, repair, dynamic stability, rupture of intravertebral bone 
trabeculae or clefts, and involvement of the posterior cortex [102]. However, this has been 
considered complicated and without any correlation with a natural history of KD.
Then, another specific classification proposal for this disease is raised, dependent on the pro-
gression and sequential clinical changes of the same. For this scale, Stage I corresponded to 
vertebrae intact or with a loss of height of the anterior portion of the vertebral body of less than 
20% and without IVC in plain X-ray films, with a small cleft and fluid sign on T2-weighted 
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MRI. In Stage II, loss of anterior body height would be more than 20% without an involve-
ment of the posterior cortical, collapse of the vertebral body with dynamic mobility in the 
Figure 1. CT scan of the lumbar spine with compression fracture of L1 and intravertebral vacuum cleft (arrow). A 
Multiplanar reconstruction in sagittal, B volumetric reconstruction (3D), C axial plane.
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radiographs and presence of the cleft sign on MRI. Finally, in Stage III included the severe 
collapse of the vertebral body with dynamic mobility and rupture of the posterior cortical, as 
well as IVC with retropulsion of bone fragments and compression of the spinal cord. At this 
stage, the patients presented back pain, deformity and neurological deficit [103].
Also were reported three stages related to the pathogenesis of progression to delayed ver-
tebral collapse. Stage 1 showed presence of intravertebral cleft, Stage 2 showed IVC plus 
intravertebral instability, and Stage 3 showed complete vertebral collapse [104]. We can sum-
marize that the main application of these classification proposals has not only been to describe 
the evolution of osteoporotic CF, but also to evaluate the clinical efficacy and to determine the 
follow-up of different surgical procedures.
7. Histopathology
There are few reports in the literature describing the histopathological features of vertebral 
ON. The first autopsy material related to KD was presented in 1926 [105]. It was described the 
destruction of spongy bone tissue and the consequent collapse of the vertebral body. Later 
was reported the pathological examination of the wedge-shaped collapsed L2 vertebral body, 
atrophic changes in bone trabeculae and multiple hemorrhagic areas [106]. These findings 
were termed “multiple microscopic fractures” [107].
Afterward, four concentric zones in AVN were proposed. These were a central area of cell 
death, followed by ischemia, congestion, and a peripheral zone of normal tissue. Early, inflam-
matory cells, serosanguinolent fluid, without bacterial colonies have been described. Thus, 
both the ischemic and the congestive zone undergo repair changes being replaced by fibrous 
tissue or new bone [108, 109]. Likewise, an anatomopathological study of vertebral pseudar-
throsis reported a whitish, smooth, fibrocartilage-like lining with scarce chondrocytes, and 
flattened fibroblasts. As well, the regions after the cleft presented granulation tissue and poor 
bone formation. The biochemical characteristics of the fluid contained in the cleft showed a 
similar composition to the blood plasma, except for the lower proportion of total proteins [36].
ON reported in histopathological analysis on biopsy material demonstrated consistent data 
of new bone formation, bone marrow fibrosis, and bone repair [7, 17, 18, 20, 22]. However, 
different advances have been proposed from the original approaches, “rarefying osteitis” of 
inflammatory origin, multiple trauma of bone and ligamentous structures with the formation 
of cracks and microhemorrhages that lead to ON.
Some studies have suggested the correlation of the sign of the fluid on MRI and the histo-
pathological data of vertebral ON demonstrated by the presence of small necrotic bone frag-
ments between a fibrous stroma. In this regard, it was showed the presence of ON, edema, 
and fibrosis associated with the sign of fluid and this was significantly related to the severity 
of the fracture [110].
It has been considered that in the early stages vertebral ON presents edema and exudate, whereas 
in the late stages air could be contained in the spaces formed by the sclerotic bone [39, 111]. Hence, 
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possibly the changes were described from the intravertebral fluid to gas on MRI [100]. In addition 
to this proposal, it was reported that the sign of the fluid could be identified on MRI between 1 
and 5 months, while the IVC could be noticed between 2 and 10 months after the fracture of the 
vertebra [112]. Subsequently, regenerative changes in more than 80% of cases occur, which are 
characterized by bone resorption, the formation of new bone and fibrosis. The still unstable col-
lapse of the vertebra, the involvement of the spinal canal and neurological manifestations can be 
associated with these changes. However, some cases have been described with absence of unex-
plained regenerative histological changes [112].
Moreover, in those cases of vertebral body ON without vertebral collapse, empty lacunae, fatty 
necrosis with vacuolar degeneration and cell debris were described, suggesting necrosis of the 
bone marrow [113].
8. Differential diagnosis
The imaging characteristics described in vertebral ON such as sclerosis and calcification on 
computed tomography (CT) scan, hypointense images on T1 or hyperintense on T2, and non-
reinforcement with Gadolinium  (Gd) of the ischemic zone on MRI represent edema and necro-
sis. These changes could be confounded with other bone lesions such as the bone cyst, bone 
infarct, bone island, hemangioma, osteoblastoma, and osteoblastic metastatic tumor [113]. The 
literature reports cases of nontypical vertebral ON, on MRI, do not show low-intensity signal 
on T1 or double line sign on T2. In these cases, it has been suggested that the difference in the 
imaging findings could be due to the processes of ON and repair. Also, the vertebral bodies in 
these patients did not present collapse and the cortical intact was observed [113].
9. Treatment
As mentioned, the main symptom of delayed post-traumatic vertebral collapse is chronic 
back pain. This is usually localized, persistent, with a tendency to progression and irradiation 
to the peripheral nerve roots. Among conservative management protocols for back pain, the 
combination of exercise therapy and nonsteroidal anti-inflammatory drugs has been used 
with partially satisfactory results [114]. In addition to the medical aspects, psychosocial fac-
tors have been related to the pathophysiology of pain and response to treatment [115, 116]. 
Among this, anxiety, depression, notably distress and somatization have been associated, so 
strategies related to supportive psychotherapy, cognitive-behavioral methods and psychiatric 
medical treatments have been proposed in some cases [115, 117].
In some cases, teriparatide, an osteoanabolic agent frequently used in the treatment of osteopo-
rosis, has been effective in promoting the reparative bone process and reducing pain [23, 118].
In the absence of neurological compromise and under the assumption of nonaffectation of the 
posterior cortical vertebral body has been suggested the conservative management of pain by 
analgesic drugs and bed rest [7]. It is now known that the incidence of vertebral compression 
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following the conservative management of osteoporotic vertebral fractures reaches 14.8% 
at 1 month and 21.8% at 6 months [119]. However, when conservative management fails, 
minimally invasive procedures such as vertebroplasty or kyphoplasty are suggested to sta-
bilize the fracture site, align the vertebral segment and consequently alleviate pain [23]. The 
first reports in the literature on the treatment of KD emphasize conservative management, 
whereas the latest information has demonstrated that patients can be treated successfully 
with surgery. The choice of surgical treatment has depended to a large extent upon three fac-
tors, the severity of the back pain, the degree of kyphotic deformity, and the neurologic deficit 
[5, 7]. The main objective of the surgery lies in the decompression of the neural elements and 
sagittal alignment, consequently, earlier ambulation is promoted [120].
Techniques such as percutaneous kyphoplasty (PKP) or percutaneous vertebroplasty (PVP) 
with polymethyl methacrylate (PMMA) have been used in patients with osteoporotic CF with 
and without IVC [10, 121–127]. It was reported on both types of surgical procedures to relieve 
pain and restore collapsed vertebral body immediately after surgery. However, they reported 
aggravation of vertebral collapse and kyphotic deformity within 2 years after surgery in those 
patients with IVC. This also conditioned an increase in back pain, suggesting that this pro-
gression was due to intravertebral instability [121]. Therefore, both PVP and PKP have been 
considered as noneffective procedures in chronic spinal compression or acute vertebral com-
pression with posterior cortical rupture, suggesting surgical stabilization via fusion [128]. The 
response to a foreign body that can occur with the use of PMMA with extensive fibrosis that 
could induce micromotion and secondary instability should also be mentioned [129, 130]. In 
addition, the mass of PMMA could spontaneously migrate to extra vertebral sites such as the 
disc space or the anterior vertebral space [8, 131–133].
Likewise, the distribution pattern and proportion of bone cement required in PVP could be 
predicted according to the area of ischemic necrosis on MRI [134]. Also, taking into account 
the proportion of necrosis on MRI recently raised that this variable could allow selecting the 
type of surgical procedure vertebroplasty, kyphoplasty, or surgery. Those cases with IVC, as 
well as those that required a surgical procedure were those that presented a higher percentage 
of necrosis [119].
Another reported proposal was the management of the posttraumatic osteoporotic vertebral 
ON with balloon kyphoplasty. It was suggested that restoration of the vertebral body and 
correction of kyphotic deformation could be achieved in relation to the sufficient volume of 
cement used. In addition, cement injection was performed in middle to later stages of solidifi-
cation in patients with a defect of the anterior wall of the vertebral body or supported by X-ray 
fluoroscopy and balloon expansion in posterior defects to avoid leakage of the same [127].
The anterior decompression via corporectomy and fusion with intervertebral tricortical graft 
[135, 136] or ceramic glass spacers [137], posterior decompression with pedicle subtraction 
osteotomy [138–140] or the combination of both approaches [139] have been proposed in sev-
eral studies. In the previous decompression, the fusion can be achieved with a spacer and a 
plate with a screw and in the posterior approach by means of the placement of transpedicular 
screws and hooks [141]. Spinal fusion, however, has been associated with procedural compli-
cations and long surgical time.
Osteonecrosis30
Subsequently, the technique of posterior one-segmental fixation combined with vertebro-
plasty and posterior-shortening osteotomy showed satisfactory results regarding correction 
of deformity, pain relief and functional improvement in patients with KD [142]. However, 
due to short segment fixation failures [143], the use of long segments to reestablish sagittal 
alignment was proposed. In the cases, it was reported to remove the upper end plate of the 
affected vertebral body and the superior intervertebral disc during the transpedicular sub-
traction and disc osteotomy combined with long-segment fixation, which favored bone fusion 
[144]. The placement of cages and long-segment fixation in pedicle subtraction osteotomy and 
disc resection has been useful in thoracolumbar post-traumatic kyphosis [145].
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